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SUBJECTS A Note on Automatic Generat ion.  DATE: September 2 ,  1964 
o f  Documentation by Macro 
Assemblers - Case 210 FROM: W e  M, Keese, Jr. 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

T h i s  n o t e  f o l l o w s  an i n t e r e s t i n g  f o r a y  i n t o  au tomat i c  
g e n e r a t i o n  of meaningful  documentat ion,  The f o r a y  was unde r t aken  
i n  b e l i e f  i n  t he  s i n g l e  document approach f o r  a program, i . e . ,  
b e l i e f  t h a t  a program l i s t i n g ,  i t s e l f ,  shou ld  c o n t a i n  a l l  o f  the  
documentat ion which t h e  program r e q u i r e s "  - i n c l u d i n g  even t h e  
raw c o n t e n t  of  i t s  v a r i o u s  l e v e l s  o f  f low char t s .  

T h i s  means tha t  t h e  s o u r c e  deck o f  a large program 
s h o u l d  c o n t a i n  many l e v e l s  of documentat ion.  There shou ld  be  
c o n s i d e r a b l e  e x p l a n a t i o n  o f  t h e  segmenta t ion .  Mitch material about  
data s t r u c t u r e s ,  good p a r a g r a p h i z a t i o n  w i t h i n  segments ,  e t c .  
There i s  much of i n t e r e s t  i n  au tomat i c  a ids  f o r  t h i s  h i g h e r  area,  
b u t  t h i s  e x e r c i s e  i s  n o t  concerned w i t h  h igher  l e v e l s ,  Rather, 
i t  addresses i t s e l f  t o  t h e  documentation of  i n d i v i d u a l  s o u r c e  
i n s t r u c t i o n s ,  p a r t i c u l a r l y  t h o s e  of  a h ighe r  l e v e l  t h a n  s imple  
a r i t h m e t i c .  

It i s  o f t e n  the  case tha t  a good p e r c e n t a g e  o f  t h e  
s o u r c e  i n s t r u c t i o n s  i n  any la rge  program are invo lved  w i t h  
d e c i s i o n  making, c a l l i n g  o f  s u b r o u t i n e s ,  t r a n s f e r s  o f  c o n t r o l ,  
and t h e  s i m p l e  moving o f  data. Somewhere, t o  be s u r e ,  t he re  
are r o u t i n e s  which a c t u a l l y  do t h i n g s  t o  data - which u s e  
a r i t hme t i c ,  Boolean, s h i f t ,  e t c .  i n s t r u c t i o n s ,  But ,  t h e  larger 
the  program i s ,  t h e  smaller p a r t  o f  it tha t  these i n s t r u c t i o n s  
seem t o  comprise ,  

I n  fundamental  l e v e l  documentat ion,  no programmer needs 
t o  be t o l d  what ( e . g o )  a compare i n s t r u c t i o n  does ,  b u t  he does  
want t o  know what i t  i s  tha t  i s  b e i n g  compared, Simple machine 
knowledge a l l o w s  r e c o g n i t i o n  o f  a d e c i s i o n ,  b u t  on ly  an  i n t i m a t e  

*This  i s  n o t  t o  say, however, t h a t  there  shou ld  n o t  be  
any o t h e r  documenta t ione  
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knowledge o f  a program's  d a t a  base may be able t o  p r o v i d e  
knowledge o f  what d e c i s i o n  i s  b e i n g  made. Where s u b r o u t i n e s  
are b e i n g  c a l l e d  ( o r  macros invoked) ,  t h e  s i t u a t i o n  i s  even worse,  
f o r  no g e n e r a l  knowledge i s  o f  any u s e  i n  t r y i n g  t o  f o l l o w  t h e  
program. It can on ly  be done i f  t h e  c a l l  i s  accompanied by 
commentary tha t  e x p l a i n s  what i s  done. 

T h i s  k i n d  of  commentary i s  v i t a l  t o  t h e  f e a s i b i l i t y  
o f  changing  large programs and perhaps t h e  most i m p o r t a n t  f a c t o r  
i n  c o n t r o l l i n g  the  c o s t  of  such. Yet, e x p e r i e n c e  t e l l s  u s  a l l  
tha t  even the  b e s t  o f  i n t e n t i o n s  are n o t  always s u f f i c i e n t  t o  
a s s u r e  t h a t  i t  i s  always c o r r e c t  and/or  up-to-date,  

When such  documentat ion can  b e  a u t o m a t i c a l l y  g e n e r a t e d ,  
one i s  r e l i e v e d  of  t h i s  l a r g e  area o f  concern  i n  programming 
c o n t r o l .  

The e n c l o s e d  example shows tha t  i t  i s  e a s y ,  w i t h  a 
q u i t e  small macro package,  t o  a u t o m a t i c a l l y  g e n e r a t e  good, 
meaningfu l  commentary f o r  t h e  k i n d s  of t h i n g s  o u t l i n e d  above - 
documenta t ion  about  d e c i s i o n s  and c o n t r o l ,  and e x p l a n a t i o n  of 
t h e  e f f e c t ( s )  o f  s u b r o u t i n e s .  

The p o s s i b i l i t y  of t h i s  h i n g e s  upon t h e  f a c t  t ha t  a l l  
s u c h  a c t i o n s  can r e a d i l y  be performed b y  macros,  These can ,  i n  
f a c t ,  a l l  be  done w i t h  a s t a n d a r d  macro package (see append ix ) .  
The u s e  zf such  a package for d e c i s i o n  and c o n t r o l  i s  q u i t e  
s t a n d a r d ,  and needs  no e x p l a n a t i o n  h e r e ,  It i s  shown i n  s e c t i o n  
t h a t  t h e  c a l l i n g  o f  s u b r o u t i n e s  can and s h o u l d  be  e f f e c t e d  i n  a 
similar way, w i t h  no e x t r a  macro d e f i n i t i o n s  on t h e  pa r t  o f  t h e  
programmer. ( A n  added advantage of t r e a t i n g  a l l  s u b r o u t i n e s ,  
i n  t h e  s o u r c e  language  o f  t h e  c a l l i n g  program, as  though t h e y  
were macros i s  t h a t  p r o p e r  modu la r i ty  can be r e t a i n e d  i n  t h e  
s o u r c e  program even\when i t  must b e  v i o l a t e d  i n  t h e  a c t u a l  
machine program.) 

An example of  what can be done t e r m i n a t e s  t h i s  s e c t i o n ,  
The a c t u a l  macro package which c r e a t e s  it i s  i n c l u d e d  i n  the 
append ix .  

1. 

S i n c e  t h i s  macro package i s  ra ther  c o n f u s i n g  when 
approached  as a whole,  an  h e u r i s t i c  approach  i s  used ,  Most o f  
t h e  main c o n c e p t s  ar ise  i n  t h e  development of  t h e  s u b r o u t i n e  
documenta t ion  macros,  and t h i s  i s  done i n  some d e t a i l  i n  s e c t i o n s  
1. - 5. S e c t i o n s  1 and 2 g ive  t h e  m i l i e u  from which the res t  
a r c s e .  S e c t i o n  3 shows t h e  g e n e r a t i o n  of  s imple  comments, and 
v a p i a b l e  s u b s t i t u t i o n  i s  added i n  s e c t i o n  4, I n  s e c t i o n  5 ,  
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expans ion  i s  made t o  occur  word f o r  word on a r e c u r s i v e  basis.  
The o t h e r  macros used  i n  t h e  sample are b r i e f l y  n o t e d  i n  
s e c t i o n  6.  S e c t i o n  7 n o t e s  l i m t t a t i o n s  and draws c o n c l u s i o n s .  

P a r t i c u l a r  n o t e  should  b e  taken o f  the d i f f e r e n c e  
between the  grade of documentat ion produced by  t h e  macros 
a p p e a r i n g  i n  3 ,  4 ,  and 5. I n  3 ,  one gets n o t h i n g  b u t  t h e  expanded 
s u b r o u t i n e  name. 
s e n t e n c e ,  with operands  plugged i n t o  t h e i r  p r o p e r  ( E n g l i s h  
s e n t e n c e  s t r u c t u r e )  p l a c e s .  
i n  documentat ion ove r  f u n c t i o n a l  n o t a t i o n ,  such  as is found 
i n  compf lers .  
t h e  reader may f u l l y  unde r s t and  the documenta t ion  wi thou t  
c o n t i n u a l  r e f e r e n c e  t o  the  noun l i s t ,  one has t o  go t o  t h e  
greater e f f o r t  shown i n  s e c t i o n  5. 

I n  4 ,  however, one can  o b t a i n  a meaningfu l  

T h i s  is a t  once a major  improvement 

I n  o r d e r  t o  expand these operand names, s o  t h a t  

The v a r i o u s  examples happen t o  be done i n  IBMAP f o r  
t h e  7040-44. I n  t h i s ,  " I R P "  fo l lowed  by a n  argument,  b e g i n s  
an  i n d e f i n i t e  i t e r a t i o n  on t h e  s u b f i e l d s  o f  t h a t  argument.  I t s  
scope  i s  ended by t h e  n e x t  "IRP". trIFF" and "IFT" are c o n d i t i o n e d  
assembly c o n t r o l s I  With t h e  f i r s t ,  t h e  f o l l o w i n g  c a r d  i s  
assembled only  i f  fa lse  tha t  t h e  ( S )  symbol v a l u e  of t h e  two 
e x p r e s s i o n s  i n  t h e  v a r i a b l e  f i e l d  are e q u a l .  With ''IFT" t h e  
f o l l o w i n g  c a r d  i s  assembled on ly  i f  t r u e  t h a t  t h e y  are e q u a l ,  
Matched p a r e n t h e s e s ,  i n  a macro i n s t r u c b l o n ,  are s t r i p p e d ,  b u t  
make t h e  e n t i r e  c h a r a c t e r  sequence which t h e y  e n c l o s e  i n t o  a 
s i n g l e  argument.  The apos t rophe  i s  s i m p l y  t h e  c o n c a t e n a t i o n  
c h a r a c t e r .  

- -  
- -  
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.; ONE HEADS EACH ROUTINE OR SEG MEN1 WXTH A 'USES' L I S  1.E.G. 

USFS APPND(Ct-4 AR)(APPEND.CHARITOII D ISTRING)  

USFS GNBCO(GET~NON.BLANK.CHARACTER1 
USES GNC( 1 (CET,NC) 

USES S A V f D O ( S A V E ~ I D E N T I F I E R 1 S T A T U S )  

4 WITH VARIABLE DECLARATIONS OF THE FORM 
- 

VAR NC(NEXTTCHARACTER) 
VAR PC~-CTER A 1 

4 

- THE TEXT OF THE PROGR AM M A Y  THEN BE WRITTEN 
I N  ABBREVIATED FORM9 A S  BELOW, I N  THE SOURCE DECK. 

I 0 LABEL A N A M E ( A 9 0 S T R O P H E - E N C ~ ~ S E D ~ ~ A M E )  
.; GNC 
* I F  NC,NEQ(=H00000')  
4 THEN -- 
.; GOTO ANAHE 

APPNO NC 
4 

GOTO NONSPC 
.a* _ _  

_ _  LABEL BLNKF(8LANKsFOUNDI 
* APPND PC 

0 GNBC 
.]W* .; A P 

-- - * TR A 0 .  I TRACE SPECIAL H O R D  TREE. 
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THIS W I l l  BF FXPANDFD I N  THF L I S T I N G  AS IS SHnbdrY HERF, 

LABEL ANAME(APOSTR0PHE-ENCLOSED1NAWE) 
00006 F FOU 

APOSTROPHE-ENCLOSED NAME 0 -  

GNC 

IF NC&OI SH 00000 * I  - 
GET NEXT CHARACTER e 

I F  NEXT CHARACTER NOT EOUAL TO - - 000' 

,so1 
THEN 

THEN 
--- 

GOTO ANAME ' 

ELSE 

APPND NC 

GO TO APOSTROPHF - FNCIOSFD NAHF s 

-_ ELSE ____  __ 

APPEND NFXT CHARACTER TD LD 
STRING t 

GNC 

GOTO NONSPC _ -  

GET NEXT CHARACTER T 

GO TO NONSPC 
- e-. -.I__--- 

oeorn-  

'002 

LABEL BI.NKF~~LANKIFOUNDI _- 

BLANK FOUND - e  
00016 BLNKF EQU 

APPND PC 
APPEND PEEK CHARACTER TO ID 
STRING 

0 1 00003 10001 LAC HEAOt I SET POINTER TO HEAD O F  TREE, - 
GNBC 

GET NON BLANK CHARACfER 
'0 1 00000 10000 TRA 0 ,  I TRACE SPECIAL WORD TREE, 



BELLCOMM. INC. - 6 -  

1. Background 

The a u t o m a t i c  documentat ion f e a t u r e s  d e s c r i b e d  
below were n o t  c r e a t e d  i n  vacua, Rather, t h e y  were 
r ecogn ized  as a free bonus coming w i t h  c e r t a i n  o t h e r  
f e a t u r e s  b e i n g  b u i l t  i n t o  a se t  of  s t a n d a r d s  f o r  assembly 
language  program packages.  

Two of  t h e s e  are r e l e v a n t .  F i r s t :  each  r o u t i n e  
o r  segment o f  a large program shou ld  c a r r y  w i t h  i t  a l i s t  
o f  f i r s t  l e v e l  s u b r o u t i n e s  used. Second: w h i l e  t h e  f a c t  
t h a t  a s u b r o u t i n e  i s  c a l l e d  i s  a pa r t  of  t h e  l o g i c a l  
s t r u c t u r e  o f  t h e  c a l l i n g  program, t h e  way i n  which i t  i s  
c a l l e d  i s  part  of  t h e  l o g i c a l  s t r u c t u r e  of t h e  s u b r o u t i n e  - 
n o t  of t h e  c a l l i n g  program; it i s  t h e r e f o r e  b e t t e r  
m o d u l a r i t y  t h a t  t h e  s o u r c e  language of  t h e  c a l l i n g  program 
s h o u l d  s p e c i f y  merely t h e  e x i s t e n c e ,  n o t  t h e  method, of  
t h e  c a l l s .  

T h i s  second c o n s i d e r a t i o n  g i v e s  r i s e  t o  t h e  n o t i o n  
t h a t  a p a r t i c u l a r  c a l l  should be  e f f e c t e d  i n  an  assembly 
language  m e r e l y  by w r i t i n g  t h e  name of t h e  s u b r o u t i n e  i n  t h e  
o p e r a t o r  code f i e l d  ( w i t h  any v a r i a b l e  l i s t ( s )  i n  t h e  v a r i a b l e  
f i e l d ) .  P a r t i c u l a r  knowledge o f  how a g i v e n  s u b r o u t i n e  i s  
c a l l e d  can t h e n  be l o c a l i z e d  t o  one macro d e f i n i t i o n ,  Indeed ,  
s i n c e ,  even i n  r e a l  t i m e  programs, most s u b r o u t i n e s  can be 
c a l l e d  i n  some s t a n d a r d  manner, a s t a n d a r d  c a l l  d e f i n i n g  
macro c o u l d  be  used  t o  d e f i n e  most o f  t h e  s u b r o u t i n e s '  c a l l s .  

The i n c l u s i o n  of  a l i s t  of f irst  o r d e r  s u b r o u t i n e s  
u s e d ,  however, r e l i e v e s  u s  o f  even t h i s  n e c e s s i t y ,  T h i s  
l i s t ,  i t s e l f ,  can be  used t o  d e f i n e  a l l  t h e  s t a n d a r d  c a l l s ,  
Only t h o s e  s p e c i a l  r o u t i n e s  which e f f i c i e n c y  o r  s p e c i a l  
d i f f i c u l t y  demand t o  have uncommon c a l l s  need have t h e i r  
names d e f i n e d  as c a l l  c r e a t i n g  macros,, 
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2 ,  The Elementry Uses Macro 

USES macro. 
c o n t a i n s  i n  i t s  head a set  of USES cards. Each o f  these 
c a r d s  c o n t a i n s  t h e  word 'USES' i n  i t s  o p e r a t o r  f i e l d  and 
the  name o f  a s u b r o u t i n e  i n  i t s  v a r i a b l e  f i e l d ,  a l o n g  w i t h  
some e x p l a n a t i o n  of t h e  r o u t i n e ' s  e f f e c t ,  

We were f i rs t  l e d ,  t h e n ,  t o  t h e  c r e a t i o n  of  a 
Each r o u t i n e  o r  segment o f  a l a r g e  r o u t i n e  

The o r i g i n a l  purpose of these c a r d s  was s i m p l y  
t h e  d i s p l a y  o f  program o r g a n i z a t i o n .  An e l emen t ry  
e x t e n s i o n  c r e a t e s  s t a n d a r d  c a l l  d e f i n i t i o n s .  

The USES macro f i r s t  asks whether t h e  s u b r o u t i n e  
name has been p r e v i o u s l y  t r e a t e d ,  I f  it has, it does 
n o t h i n g ,  b u t  i f  i t  has n o t ,  t h e n  it d e f i n e s  i t  t o  c r e a t e  
a s t a n d a r d  s y s t e m  c a l l .  A t  t h i s  stage o f  development,  t h e  
macro reads ( i n  7040 IBMAP) 

USES MACRO NAME 
IFF NAME'. = D E F I N D  
USESl XAME 
ENDM USES 

USESl MACRg NAME 
NAME'. SET DEFIND 
NAME MACRO ARGLST,ERRT 

CALL NAME(ARGLST)EHRT 
ENDM NAME 
ENDM U S E S l  

( I t  i s  i n t e n d e d  t h a t  t h i s  package r u n  unde r  no 
c r e a t e d  symbols . ) 

The c r e a t i o n  a symbol from "NAME" by  conca ten-  
a t i o n  o f  a p e r i o d  i s  p o s s i b l e  f o r  u s ,  s i n c e  t h e  s t a n d a r d s  
i n  u s e  a t  Bellcomm l i m i t  t h e  l e n g t h  of a s u b r o u t i n e  name 
t o  one c h a r a c t e r  less t h a n  maximum symbol l e n g t h .  Even 
w i t h o u t  t h i s ,  one cou ld  s t i l l  ask whether d e f i n i t i o n  had 
occured  b y  making t h e  meanfng of t h e  c r e a t e d  NAME macro 
depend on whether  o r  n o t  some symbol was se t  t o  USES o r  
t o  NPIRMAL. Under t h e  USES mode, NAME ( i f  d e f i n e d )  would 
s e t  t h e  remainder  o f  USES t o  be n u l l  ( s a v e  f o r  t e r m i n a l  
s e l f  r e s t o r a t i o n ) , ,  The remainder  o f  USES would elsewise 
c r e a t e  t h e  s t a n d a r d  d e f i n i t i o n ,  T h i s  ( u s i n g  an  o p e r a t o r -  
synonymous o p e r a t o r )  cou ld  b e  done w i t h  no expandingly  
greater u s e  of macro s k e l e t o n  s p a c e ,  b u t  i t  would be  
somewhat s lower .  
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3 .  Genera t ion  of  a P r i m i t i v e  Comment 

S i n c e  rudimentary documentat ion p r a c t i c e s  demand 
t h a t  each of t h e  USES c a r d s  c a r r y  some e x p l a n a t i o n ,  i t  i s  
b u t  a s i m p l e  s tep forward t o  a u t o m a t i c a l l y  reproduce  t h i s  
comment whenever t h e  subrou t ine  i s  c a l l e d .  This  w i l l  be 
shown here i n  a p r i m i t i v e  manner, while t h e  n e x t  s e c t i o n  
w i l l  go on t o  show a n  elernentry p lugg ing  i n  of  arguments.  

One mere ly  enc loses  t h e  e x p l a n a t i o n  i n  
p a r e n t h e s e s  ( t o  make it a s ing le  argument) and moves i t  
ove r  from the  comment f i e l d  t o  a d j o i n  the name. USES i s  
now made a 2 argument macro. I f  it f i n d s  t h a t  NAME has 
n o t  been d e f i n e d ,  t h e n  i t  passes  b o t h  t h e  name and t h e  
( r e p a r e n t h e s i z e d )  comment a long t o  USESl which now reads 

USESl MACR@ 
NAME' SET 
NAME MACRPr 

CALL 
PMC 
REM 
PMC 
ENDM 
ENDM 

NAME,CPMENT 
DEFIND 
ARGLST,ERRT 
NAME (ARGLST)ERRT 
PIN 

PrFF 
NAME 
USESl 

' C0MENT ' 

I n  i t s  d e f i n i t i o n  o f  NAME, USESl h a s  added 3 
c a r d  images. These t u r n  on the p r i n t i n g  of m a c r o  expaii- 
s i o n  c a r d s ,  p r i n t  t h e  comment as a remark, and t u r n  o f f  
t h e  p r i n t i n g  of  macro genera ted  c a r d s :  (as  PMC i s  a 
c o n t r o l  c a r d ,  i t ,  i t s e l f ,  w i l l  n o t  be p r i n t e d . )  

I n  a c t u a l  p r a c t i c e ,  NAME could  be made s h o r t e r ,  
s a v i n g  s k e l e t o n  space ,  by pass ing  "CPIMENT" a l o n g  t o  a n o t h e r  
macro, which would do t h e  three c a r d  expansion.  
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4. Comments With S u b s t i t u t a b l e  Arguments 

Whereas many s u b r o u t i n e s  have a rguments ,  and t h e i r  
e f f e c t  i s  on t h e s e  arguments ,  a meaningfu l  comment g e n e r a t o r  
shou ld  p l u g  t h e  names o f  t h e s e  arguments  i n t o  t h e  comments. T h i s  
i s  a r e l a t i v e l y  easy a d d i t i o n .  

I n  t h e  f o l l o w i n g  expansion,  we s t a r t  a f r e s h  and u s e  
s l i g h t l y  more l e v e l s ,  s o  as t o  conse rve  s k e l e t o n  space .  An 
argument l ist  i s  added t o  the  USES macro t o  make i t  p o s s i b l e  t o  
t e l l  what words o f  t h e  e x p l a n a t i o n  shou ld  be s u b s t i t u t e d .  

USES 

USES 1 
NAME'.  
NAME 

NAME' e 

USES2 

PRSEQ 

I f  one 

MACRPI 
IFF 
USES 1 
ENDM 

MACRPI 
SET 
MACRPI 
USES2 
EN DM 
MACRPI 
PRSEQ 
ENDM 
ENDM 

MACRPI 
CALL 
N A M E ' .  
ENDM 

MACRPI 
PMC 
REM 
PMC 
ENDM 

NAME(AL1ST)CQIMENT 
DEFIND=NAME ' . 
NAME(AL1ST) (CgMENT) 
USES 

NAME(AL1ST)CfdMENT 
DEFIND 
ARGLST,ERRT 

NAME 
ALIST , DUMMY 1, DUMMY 2 
(CPIMENT) 
NAME ' . 
USES1 

NAME ( ARGLST) ( ERRT) 

NAME(ARGLST)ERRT 
NAME(ARGLST)ERRT 
ARGLST ,ERRT 
USES 2 

TEXT 
PIN ' TEXT ' 
PIFF 
USES3 

were n o t  sure o f  t h e  a b i l i t y  t o  c o n c a t e n a t e  t h e  
p e r i o d  t o  N A M E ,  t h e  macro l l N A M E f e l l  cou ld  be Lamed by a c r e a t e d  
l a b e l ,  g e n e r a t e d  by t u r n i n g  them on,  go ing  an ex t ra  l e v e l  i n ,  
and  t u r n i n g  them o f f ,  I t s  name would t h e n  be pas sed  on t o  USES2. 

We have r eached  t h e  l e v e l  which i s  b e s t  e x p l a i n e d  by 
an example,  s a v e  f o r  a p r e l i m i n a r y  no te .  While USES2 and PRSEQ 
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were c r e a t e d  mainly* t o  conserve  s k e l e t o n  s p a c e  ( f o r  each o f  t h e ,  
presumabW many, NAME and NAME' e m a c r o s ) ,  t h e  c r e a t i o n  o f  t h e  
''NAME' . I '  macro s e r v e s  a ve ry  d i f f e r e n t  f u n c t i o n .  S i n c e  " A L I S T t t  
i s  b u i l t  i n t o  i t s  fo rma l  parameter  l i s t ,  w h i l e  t h e  comment i s  
b u i l t  i n t o  i t s  s k e l e t o n ,  any d e l i m i t e d  phrases i n  "CPIMENT" which 
are the  same as d e l i m i t e d  phrases i n  " A L I S T "  w i l l  be  s u b s t i t u t e d  
a t  expans ion  time. When a c a l l  i s  made (NAME i s  invoked)  t h e  
a c t u a l  parameter l i s t  i s  s e n t  a l o n g  t o  "NAME'.'' and t h e  appro- 
p r i a t e  s u b s t i t u t i o n  i s  made f o r  P R S E Q .  The two dummy arguments  
o f  "NAME' . I '  are m e r e l y  t o  avoid  a f a l a c i o u s  d i a g n o s t i c  r e g a r d i n g  
argument coun t  which 7040 l B S Y S  l i k e s  t o  make. 

Suppose now tha t  ADDTPI has n o t  p r e v i o u s l y  been d e f i n e d  
and t h a t  t h e  f o l l o w i n g  source  c a r d  appears. 

U S E S  A D D T l d ( A , B ) ( A D D  ' A '  TPI ' B ' )  

T h i s  w i l l  expand i n t o  

IFF DEFIND=ADDTPI  
U S E S 1  A D D T P I ( A , B ) ( A D D  ' A '  TPI ' B r )  
ADDTld. SET D E F I N D  
A D D T g  MACRg A R G L S T , E R R T  

U S E S 2  ADDTPI( A R G L S T )  ( E R R T )  
ENDM A D D T 0  

PRSEQ ( A D D  ' A '  TPI ' B t )  
ENDM ADDTPI 

ADDTPI. MACRO A,B,DUMMYl,DUMMY2 

Now c o n s i d e r  a l a t e r  p o i n t  i n  t h e  t e x t  where a c a r d  
appears w i t h  "ADDTPI" i n  the o p e r a t o r  f i e l d .  It  w i l l  expand 
as be low. 

ADDTIb 
U S E S 2  
C A L L  
ADDTPI. 
P R S E Q  
PMC 
REM 
PMC 

( A L P H A  , B E T A )  ( s o u r c e  c a r d )  

ADDTB ( A L P H A  , 8 E a i ' A )  
A L P H A  ,BETA 
( A D D  ALPHA Tld B E T A )  
PIN 

%FF 

(ALPHA,BETA)()  

ADD A L P H A  TPI B E T A  

The des i red  expans ion  i s  ach ieved .  

* f o r  some a s s e m b l e r s ,  P R S E Q  i s  necessa ry .  See s e c t i o n  5.  
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5. The P r i n t  Sequence Macro, PRSEQ 

I n  s e c t i o n  4 . ,  we i n t r o d u c e d  t h e  u s e  of a macro 
PRSEQ, o s t e n s i b l y  t o  s a v e  space .  This macro ( a l t h o u g h  n o t  
as shown the re )  i s  a c t u a l l y  n e c e s s a r y  t o  some assemblers, 
and i s  desirable  i n  o r d e r  t h a t  a n o t h e r  l e v e l  o f  documentat ion 
be ach ieved .  

I n  f a c t ,  t h e  s y s t e m  shown i n  s e c t i o n  4 ,  w i l l  n o t  
work, as shown, on the  7040-IBMAP v e r s i o n  3 ,  due t o  a 
f a u l t  i n  t h e  assembler's macro s k e l e t o n  scan .  T h i s  f a u l t  
i s  a s s e r t e d  t o  be c o r r e c t e d  i n  v e r s i o n  6 ,  b u t  w e  have n o t  
y e t  s e e n  ev idence  of t h i s .  To w i t ,  USES i s  supposed t o  
b u i l d  t h e  c a r d  image 

PRSEQ (CJ2IMENT) 

i n t o  t h e  s k e l e t o n  of ''NAME'.". Such a c a r d  i s  indeed  
g e n e r a t e d  w h i l e  t h i s  s k e l e t o n  i s  b e i n g  b u i l t  up,  b u t  t h e  
s c a n  i n  q u e s t i o n  s t o p s  a t  t h e  f i rs t  b l a n k ,  n o t  keep ing  a 
p a r e n t h e s e s  count .  Thus, wh i l e  t h e  c a r d  g e n e r a t e d  f o r  t h e  
s k e l e t o n  i s  

PRSEQ (ADD ' A '  T/2I ' B ' )  

, t h e  l i n e  which i s  a c t u a l l y  e n t e r e d  i n t o  t h e  s k e l e t o n  i s  

PRSEQ ( A D D  

. One can r e a d i l y  imagine t o  what g r e v i o u s  e r r o r s  t h e  
g e n e r a t i o n  of such  a l i n e  l e a d s  t h e  assembler. Such a 
s c a n  e r r o r  i s  a p t  t o  b e  met i n  many assemblers, s o  a way 
a round i t  is i m p o r t a n t  .* 

F u r t h e r ,  t h e  k i n d  o f  comment g e n e r a t e d  b y  t h e  
macros of s e c t i o n  4 ,  i s  n o t  a l l  tha t  one might hope f o r .  
To w i t ,  i t  i s  n o t  s u f f i c i e n t  t h a t  t h e  symbolic  names of  
v a r i a b l e s  b e  p lugged  i n t o  t h e  comments g e n e r a t e d  b y  
i n v o k i n g  a s u b r o u t i n e ;  one would p re fe r  t o  p l u g  i n  an  
e x p l a n a t i o n  of what t h o s e  names s t a n d  f o r .  Put  more 
s i m p l y ,  i t  i s  desirable that  t h e  expans ion  of  comments 
s h o u l d  be a r e c u r s i v e  process - go ing  down th rough  each  
word o f  t h e  expans ion  (expanding it i n  t u r n ,  e t c . )  u n t i l  
a l l  e l emen t s  have been expanded t o  some bot tom l e v e l .  

*It a c t u a l l y  s u f f i c e s ,  f o r  o u r  assembler, t o  b u i l d  
t h e  body of PRSEQ, as shown, i n t o  U S E S l ' s  d e f i n i t i o n  of  N A M E ' .  
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T h i s  aim can be accomplished, and i t s  accomplishment 
bypasses  any t r o u b l e  that  assembler s c a n  r o u t i n e s  may have abou t  
b l a n k  c h a r a c t e r s .  I n  t h e  accomplishment, a l l  d e f i n i t i o n s  g i v e n  
i n  s e c t i o n  4 ,  e x c e p t  that  of PRSEQ and USES2, s t a n d  as g iven .  
The u s e  o f  USES, on t h e  o t h e r  hand, changes.  S p e c i f i c a l l y ,  one 
separates each  o f  t he  words i n  t h e  comment s k e l e t o n  by commas. 

Thus, i n s t e a d  o f  w r i t i n g  

USES A D D T @ ( A , B ) ( A D D  ' A '  T0  ' B ' )  

one writes 

USES ADDT@(A,B)(ADD,A,T@,B)  

The d e f i n i t i o n  of  PRSEQ, however, becomes f a r  more 
compl i ca t ed ,  It becomes necessary  t o  add words, one a t  a t i m e ,  
t o  a l i n e  image. USES2 becomes 

USES2 MACRO NAME(ARGLST)ERRT 
CALL NAME(ARGLST)ERRT 
PRSET SENT, 
NAME' .  ARGLST,ERRT 
PRLINE (,) 
ENDM USES 2 

O f  t he  two a d d i t i o n s ,  "PRSET SENT." s e t s  up p r i n t i n g  
r o u t i n e s  t o  1 se  a s e n t e n c e  type  o f  fo rma t ,  while  "PRLINE ( , )"  
c a u s e s  t h e  p r i n t i n g  o f  a f i n a l  l i n e  image w i t h  a comma end ing  
t h e  l i n e .  The generatedmacre "NAME' ." s t i l l  invokes  PRSEQ, s e n d i n g  
t h e  comment ( w i t h  a c t u a l  arguments s u b s t i t u t e d )  as a s i n g l e  
argument.  ( I n  o u r  example, "ADDT0.  " would g e n e r a t e  "PRSEQ 
(ADD, ALPHA, T@, BETA) 1' * ) 

PRSEQ, i t s e l f ,  mere ly  does a n  i n d e f i n i t e  i t e r a t i o n  on 
t h e  sub-arguments of  i t s  one argument - send ing  each o f  them 
on t o  a h igh  l e v e l  conca tena te  macro, PRADD, 

The h igh  l e v e l  conca tena te  macro m e r e l y  tests each  
of i t s  arguments r e c e i v e d  f o r  f u r t h e r  e x p a n d i b i l i t y .  I f  i t  i s  
so  expandable ,  t h e n  t h i s  i s  done; elsewise,  i t  passes t h e  
argument on t o  an  e x a c t  conca tena te  macro, PREADD. 

T h i s  c o n c a t e n a t e  macro, PREADD, i s  t h e  heart  of  t he  
e n t i r e  au tomat i c  documentation s y s t e m ,  It  i s  the  a c c e s s i b l e  
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member o f  a p a i r  of macros inven ted  by Ann L. Loc ice ro  [l], 
which makes i t  p o s s i b l e  t o  b u i l d  up B l i n e a r  image from 
s u c c e s s i v e  c a l l s  of a macro. 

For  purposes  of e x p l a n a t i o n ,  l e t  us  imagine t h a t  t h e  
c o n c a t e n a t e  macro were s p e l l e d  "C0NCA"  w h i l e  i t s  p a r t n e r  were 
s p e l l e d  "CPINCAT" . 

The o r i g i n a l  d e f i n i t i o n s  would be  

CONCA M A C R 0  T E X T  
CDNCAT ( T E X T )  
ENDM CONCA 

C O N C A T  M A C R 0  T E X T  
CPINCA MACRB M 0 R T X T  

C 0 N C A T  ( T E X T , M @ R T X T )  
ENDM CPINCA 
ENDM CPrNCAT 

Each i n v o c a t i o n  of C 0 N C A  invokes  C 0 N C A T  s o  as t o  
b u i l d  i t s  e x i s t a n t  argument i n t o  a l l  f u t u r e  c a l l s .  For i n s t a n c e ,  
imagine t h e  above d e f i n i t i o n s  t o  be g i v e n  and t h e n  t h e  s o u r c e  
c a r d s  

C 0 N C A  A 
C 0 N C A  B 
C 0 N C A  ' C 

t o  a p p e a r ,  The complete expansion would b e  

C 0 N C A  
C 0 N C A T  

CONCA M A C R 0  
CONCAT 
ENDM 
CONCA 
CONCAT 

CONCA M A C R 0  
C 0 N C A T  
ENDM 
ClbNCA 
CONCAT 

A 
( A )  
M 0 R T X T  Orig,  meaning o f  C 0 N C A  
( A , M ~ R T X T )  e s t  ab  l i s h e d  meaning 
C 0 N C A  2 o f  C 0 N C A .  
B 

M 0 R T X T  Meaning 2 of  CPINCA 
( A , B , M O R T X T )  e s t  ab l i s h e d  meaning 
C 0 N C A  3 o f  CONCA.  
C 

( A , B )  

( A , B , C )  

[l] Loc ice ro ,  A ,  L. :  "Linear  Accumulation i n  S e q u e n t i a l  
Macros"; unpub l i shed ,  Bellcomm, Inc .  
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CONCA MACRPr MPrRTXT Meaning 3 of  C g N C A  
CPrNCAT (A,B,C,M@RTXT) es t  ab li she d meaning 
ENDM CPrNCA f o u r  o f  CONCA. 

I n  a c t u a l  p r a c t i c e ,  t h e  p a r t n e r  macro a l s o  does 
bookkeeping t o  make sure t h a t  maximum l e g a l  argument l e n g t h  i s  
n o t  exceeded. T h i s  t e n d s  t o  make f o r  an  e x c e s s i v e  amount o f  
compl i ca t ion  and could  presumably be avoided  i n  more adequate  
macro assemblers. 

The PRSET r o u t i n e  uses i t s  parameter t o  chose one o f  
a se t  of  a c t u a l  p r i n t  o u t  macros used  by PRLINE. It e s s e n t i a l l y  
s e t s  a swi tch  through the  use of the  operator-synonym o p e r a t o r .  

The p r i n t  l i n e  macro, PRLINE, sends  i t s  argument ( i f  
any)  a l o n g  t o  PREADD ( p r o p e r l y  p a r e n t h e s i z e d  s o  tha t  a s e p a r a t o r  
comes o u t  as a s u b s t i t u t a b l e  argument a t  t h e  bottom l e v e l ) .  It 
t h e n  invokes  a p r i n t  c u r r e n t  l i n e  image macro, PR5., t o  cause  t h e  
a c t u a l  p r i n t .  PR5. i s  a l s o  used  by t h e  c o n c a t e n a t e  p a r t n e r  
macro, PR8., i n  c a s e  of l i n e  over f low.  

The p r i n t  c u r r e n t  lirie image macro, PR5. , changes 
t h e  meaning o f  t he  conca tena te  p a r t n e r ,  PR8,, t o  t h a t  of  a 
prepare f o r  a c t u a l  p r i n t  macro, PR6., invokes  t h e  c o n c a t e n a t e  
macro (which now invokes  PR6. w i t h  a l l  o f  i t s  p r e v i o u s  arguments 
b u i l t  intc i t s  parameter), and then r e s t o r e s  t h e  c o n c a t e n a t e  
macro and i t s  p a r t n e r  t o  t h e i r  i n i t i a l  meanings. The prepare 
f o r  a c t u a l  p r i n t  macro, PR6,, r e c e i v e s  t h e  b u i l t  up l i n e  image 
as a s i n g l e  parameter ( h e l d  t o g e t h e r  by i t s  p a r e n t h e s e s )  from 
the  p r e v e r t e d l y  used conca tena te  macro, and sends  i t  a l o n g  
th rough  t h e  dummy macro (which has been s e t  by PRSET t o  be 
synonymous w i t h  one o f  t h e  a c t u a l  p r i n t  macros) A s  PR6. has n o t  
p a r e n t h e s i z e d  i t s  s i n g l e  argument, t h i s  now comes apart  i n t o  
i t s  s e v e r a l  components which can  be spaced apart  from each  o t h e r  
by t h e  a c t u a l  p r i n t  macro (which a l w a y s  devo lves  i n t o  t u r n i n g  
on macro p r i n t  o u t ,  g e n e r a t i n g  some remark c a r d ,  and t u r n i n g  o f f  
macro p r i n t o u t ) .  

Some compl i ca t ion  could  be done away w i t h  here i f  
o n l y  i t  were p o s s i b l e  t o  inbed b l anks  i n  t he  remark s k e l e t o n  
i n  t h e  f i r s t  p lace ,  Those having assemblers w i t h  such  c a p a b i l i t y  
w i l l  f i n d  i t  easy  t o  s i m p l i f y  t h e  example, 
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6 .  -. C o n d i t i o n a l s ,  Go To S ta t emen t s ,  and Other  D e c l a r a t i o n s  

ALGfdL-likc c o n d i t i o n a l  s t a t e m e n t s  are e a s i l y  p u t  
intc an assembler  i n  any number o f  w a y s ,  The i f - t h e n - e l s e  
package used i n  t h e  preceeding  example i s  an o f f - the -cu f f  
v e r s i o n  and could  s t a n d  c o n s i d e r a b l e  improvement, p a r t i c u -  
l a r l y  i n  t h e  r e c o g n i t i o n  of  s i n g l e  word a l t e r n a t i v e s .  

A s  a g e n e r a t o r  o f  documentat ion,  i t  i s  an easy 
matter t o  have t h e  v a r i o u s  r e l a t i o n a l  macros d i r e c t l y  g e n e r a t e  
a remark  l i n e ,  p lugg ing  i n  v a r i a b l e  names. By making use  o f  
t h e  p r i n t  package, i t  i s  p o s s i b l e  t o  expand t h e  names of  t h e  
v a r i a b l e s ,  e x a c t l y  as i s  done i n  g e n e r a t i n g  s u b r o u t i n e  comments. 

The a s s e m b l y  o p e r a t i o n s  of t h e  package are p e r f e c t l y  
s t r a i g h t f o r w a r d .  The I F  macro m e r e l y  t u r n s  on c r e a t e d  symbols 
and invokes  an a p p r o p r i a t e  r e l a t i o n  macro, s u c h  as GTR.  T h i s  
t u r n s  o f f  c r e a t e d  symbols, p r i n t s  a comment, c r e a t e s  an 
a p p r o p r i a t e  comparison t r i p l e t ,  and sets up meanings f o r  THEN 
& ELSE. 

The d e s i g n  o b j e c t i v e  was t h a t  t h e  t h i r d  member of  
t h e  comparison t r i p l e t  never  have t o  c o n t a i n  a comparison 
t r a n s f e r .  Any assembly  reached by t h e  o t h e r  a l t e r n a t i v e  i s  
t o  be remote.  The p a r t i c u l a r  s y s t e m  u s e s  t h e  l o c a t i o n  
c o u n t e r  choos ing  f a c i l i t i e s  a v a i l a b l e  i n  IBSYS, b u t  any 
r e m ~ t e  f a c i l i t y  cou ld  s e r v e  as well,, The use  of t h e  macros 
USEN and USEP i s  p u r e l y  f o r  conformi ty  w i t h  o t h e r  s t a n d a r d s  
i n  u s e  where t h i s  package was w r i t t e n .  (These two macros 
make up f o r  t he  f a c t  that  USE X and USE PREVIfdUS f a i l  t o  
o p e r a t e  i n  a push down f a s h i o n . )  If-Then-Else a l l o w s  s p e c i -  
f y i n g  e i t h e r  t h e  a r i t hme t i c  o r  l o g i c a l  accumula tor  b u t  does 
n o t  p r e s e n t l y  guard  a g a i n s t  t r y i n g  t o  l o a d  one from t h e  
o t h e r .  

The GVTg macro i s  thrown i n  m e r e l y  t o  a l low auto-  
m a t i c  commentary. A S  LABEL d e c l a r a t i o n s  ( u n l i k e  USES & VAR) 
need  n o t  p recede  t h e  use  o f  t h e  a s s o c i a t e d  i d e n t i f i e r s ,  there 
i s  no  g u a r a n t e e  t h a t  GgTg w i l l  expand t h e  name o f  t he  d e s t i -  
n a t i o n .  (I t  w i l l  expand i t  i f  and only  i f  it i s  a t r a n s f e r  
backwards. ) "G@T(V i s  used  rather t h a n  r e d e f i n i n g  "TRA" 
because  t h e  p r e s e n t  automatic  documentat ion f a c i l i t i e s  cannot  
handle indexed  addresseso 

LABEL and VAR are e s s e n t i a l l y  d imens ioning  o p e r a t o r s .  
The f i r s t  d e f i n e s  a symbol and a n  a s s o c i a t e d  comment, and 
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produces t ha t  comment a s  a paragraph  heading ,  fo l lowed by a 
co lon  VAR remotely a s s i g n s  a f u l l  word v a r i a b l e  
and a s s o c i a t e s  a commentary name w i t h  i t s  symbolic  name. 

I f  a symbol which has been d e f i n e d  by e i the r  of  
these appears as a parameter, t h e n  i t s  expanded name w i l l  
appear i n  t h e  gene ra t ed  commentary. 
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7. Conclus ions  

The example shown i n  the i n t r o d u c t i o n  shows tha t  a 
However, h igh  grade o f  au tomat i c  documentat ion i s  p o s s i b l e .  

i t  i s  n o t  p r a c t i c a l  a t  t h i s  l e v e l ,  f o r  one r u n s  i n t o  l i m i -  
t a t i o n s  on t a b l e  s i z e s .  

Programs u s i n g  t h i s  f u l l  l e v e l  o f  expanded docu- 
men ta t ion  r u n  i n t o  over f lows  a t  between two and f i f t e e n  pages 
of expans ion ,  depending on con ten t .  

Two p o s s i b l e  cour ses  o f  a c t i o n  are open: one can 
s e t t l e  f o r  t h e  l e v e l  of  documentat ion g e n e r a t e d  i n  s e c t i o n  
4., o r  one can move t o  repair  t h e  assembler d e f i c i e n c i e s  
which cause  over f low.  

The s e c t i o n  4. l e v e l  o f  documentat ion i s  m a r g i n a l l y  
adequa te .  
O r  i f  documentat ion r equ i r emen t s  elsewise do n o t  r e q u i r e  
e x p l a n a t i o n  of all operands  w i t h  each  use ,  t h e n  t h e  docu- 
m e n t a t i o n  c r e a t e d  a t  t h i s  l e v e l  i s  e n t i r e l y  s a t i s f a c t o r y .  
The g e n e r a t i o n  i s  ex t r eme ly  s i m p l e  and cheap,  and g i v e s  no 
t r o u b l e  w i t h  t ab l e  sizes. ,  A t  a lmos t  no c o s t ,  and a t  some 
l e s s e n i n g  o f  normal programmer e f f o r t ,  one can a s s u r e  t h a t  
documenta t ion  i s  always a c c u r a t e  and c u r r e n t .  O t h e r s  w i l l  
f i n d  t ha t  t h i s  grade of  documentat ion i s  j u s t  n o t  good 
e2nugh . 

I f  name l i s t s  a r e  p a r t i c u l a r l y  small o r  o r d e r l y ,  

As t o  r e p a i r i n g  t h e  assembler c h a r a c t e r i s t i c s  which 
make t h e  f u l l  c o u r s e  i m p r a c t i c a l ,  t he re  are three  t h i n g s  
which would h e l p  a b i t ,  and one which would e n t i r e l y  s u f f i c e :  

P r o p e r  s c a n  f a c i l i t i e s  i n  t h e  b u i l d i n g  of  macro 
s k e l e t o n s  would a l l o w  t h e  expans ion  o f  comments t o  be done 
i n  many less s t eps  - r e s u l t i n g  i n  c o n s i d e r a b l e  s a v i n g  i n  t h e  
number o f  s k e l e t o n s  gene ra t ed .  

P rope r  h a n d l i n g  of end of  l i n e  over f low on g e n e r a t e d  
remark c a r d s  would r e l i e v e  t h e  macro package of c o n s i d e r a b l e  
bookkeeping b o t h e r .  

Greater tab le  s i z e s  would h e l p  a b i t .  

T h i s  l a s t  measure,  however, would only  be a small 
s top-gap .  What i s  needed i s  some way t o  c l e a r  t h e  tab les  o f  
e n t r i e s  no l o n g e r  needed. 
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While one c o u l d  evolve  a l l  s o r t s  o f  compl i ca t ed  
schemes f o r  t h i s ,  t h e  i d e a l  s o l u t i o n  seems t o  be  t h e  a d o p t i o n  
o f  an  ALGPlL - l i k e  b l o c k  s t r u c t u r e  - a t  least  f o r  macro 
d e f i n i t i o n s .  I n  t h i s  s t r u c t u r e ,  one c o u l d  d e f i n e  BEGIN-END 
pa i r s  (which cou ld  b e  n e s t e d ) .  
c o u n t e r e d ,  t h e  c o n d i t i o n  o f  t h e  tables  cou ld  be marked. On 
meet ing  t h e  co r re spond ing  END, t h e  c o n d i t i o n  c o u l d  be 
r e s t o r e d .  T h i s  can be  implemented mere ly  by  t h e  a d d i t i o n  
of two words t o  each  macro s k e l e t o n  ( w i t h  t h e  a d d i t i o n  o f  
some elsewise vacuous s k e l e t o n s  f o r  operator-synonym 
o p e r a t i o n s  1 . 

Every time a BEGIN was en- 

1031-WMK-mat 

d2-347,, 

W .  M .  Keese, Jr. 
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APPENDIX 

The f o l l o w i n g  pages i n c l u d e  t h e  macro package 

used  i n  t h e  g e n e r a t i o n  of  t h e  example shown i n  t h e  i n t r o d u c t i o n .  



$TEXT WRXTE 

AUTOMATIC DOCUl4ENTATION WM KEESE 8/15/64 

USEN-USEP 
I 

FOo MACRO XNITXAL RESTORATION MACRO.- 
F l o  OPSYN FO. RESTORE SELF TO I N I T I A L .  

USEP OPSYN FoUSE SET 'USEP' TO GIVE FAULT. 
USE USE BLANK LOC ATION COUNTER- 
ENDU F O o  

F l o  OPSYN FOo 
I 

USED TO HOLD REDEFINITIDNS O f  F L 0  TO 1 LY 
RESTORF TRACE F ORWARD MACRO. 

F2- MACRO X 
_. F l o  OPSYN x 

USEP OPSYN X SET 'USEP' TO CURRENT USE NAME. 
USF X F NAMF LOCATION CNTR. 
ENDM , F20 

I F-USE UACRO ILLEGAL 'USEP' FAULToo 
PNC ON 

I SPACE 1 
REU *******+**.*.*~**~*****~*******************************~~ 
REU *ATTEMPT TO USE -USEP- WITH NO -USEN- IN EFFECT- IGNORED. 

ENOH FoUSE 
0 

USENo UACRO C L  WORKING USE NEW RACRD-• 

USEP W S V N  F1. SET 'USEP' FOR CURRENT TRACE BACK. 
UPDATE 

F1. MACRO BUILD C L  NAME INTO MACRO TABLE 

CL OPSYN F l o  SE? CREATED LABEL FOR PERM TRACE BACK 

f 2 0  CC TO REDFF g USEP AND R E S f D a  @ O C  CfR. 

USE CL USE NEW LOG CTRo 

ENOM F l o  (SEE F20 FOR RESTORAlIONo) 

--E NDU USEN- 

MACRO ANYLAB @USE NFW ' MACRO-, 
ORGCRS UNLESS A NAME IS GIVEN. CREATE ONE, 

NOCRS TURN OFF SYMBOL CREATOR- 
I S E N -  ANYLAB DO THE WORK. 

-- - END! USEN 

USEP OPSYN FoUSE 'USEP' I N I T I A L L Y  PRODUCESFAULT- 



, 

0 
- .  - . ~ = d x . s E  

N w4 I-- 
0 

i D M a n  a ~ , r l , ~ i n  - B-C a WTF TVDF - nn--e- 
09. MACRO T MAKE -DP.(TYPE)- MEAN 

Ta-e- n r- e rypp e nF - e R W f F t V P F  e -  
ENDH DP. 
F- 

a 
FI 

PMC ON PRINT REMARK, 
R F M  FI  SF 
PHC OFF 
np F 1- _ _  

ENDM ELSE 

€Quo MACRO A ~ B t C L f ~ C L D  EQUAL TO-. 
* 

PRSTAT F L A G o t 1 F t A t t ) B )  PRINT REMARK, 
R I ~ I P f R I P l F f ,  

DEFOP RTtCLTtCLD BUILD LABELS AND 'REMOTE THEN' I N  DP. 
M Fal l  - , 

e 
C - I F  n m n  C l  F a  n Fl-SF FOR W T F  FI SF-, 
.-E SET 1 hARK 'ELSE' DONE, 

CCF EQU DEFINE FALSE LABEL. 
USFN srmT t,tEYLDCITrnN COUNTER. 

FNnM F - R F  
0 
F,Bf M W  _- F W  FnR RFUOTF T H F k ,  

GENERATE TRANSFER TO END OF COND. 
P 

TRA C t D  

ENOM E.RT 
I ) .  

GEQo MACRO AtBSCLTtCLD ' GREATER THAN OR EQUAL TO., 
-- - 

PRSTAT FLAGo(lF,AtGREATERtTHAN1DRIf)B)  PRINT REMARK9 
- -_ RFL A t t , C I Z , t l T , t L T . b , R C R E I f F  t-F T R I P I F T p  

OEFOP RTtCLTtCLO BUILD LABELS AND REUOTE THEN I N  OP. 
FNnM CFO- 

ER THAN-, 
NOCRS 

_. AT FI&(IF-*B) P R I N T ?  
REL AAC,CAStCLf t++l rAtB CREATE LOAD AND COMPARE TRIPLET, 

€NOM CTR 
nFFnP RT-I n RLlIln W l S  RFll[lTF T W  I N l n  OP, 

__ 



. 

F 

IF MACRO AsREL.8 0 .  

*,E SET 0 MARK 'ELSE' UNDONE, 

a 

ORGCRS TURN ON C M F D  SYMBOlS TO CREATF 
REL'O AeB 2 LABELS AND DO 4PPROPRIATE REL4TIDN, 
NOCRS HAKE SURE CREATED SYMBOLS OFF. 
ENDM I F  

LAC OPSYN CAL LOAD LOG4ICAL A C o o  

LEO- MACRO AIB,CLE~CLD LESS THAN OR EQUAL TO., 
NOCRS 
PRSTAT FLAGi(IF,A,LESS,THANIDRl(t)TO,B) PRINT REMARK, 
REL AAC r CAS. CLEs * + l r A w B  CREATE IOAD AND COMPARE TRIPLET. 
M F O P  REtCLE,CLD BUILD LABELS AND REMOTE ELSE I N T O  OP- 

LOAD MACRO REGeX LOAD REGISTER.. 
I F F  REG=X IF OPER4ND 1 s  REGISTER 

ENDN LOAD 
REG X THEN DO APPROPRIATE LOAD. 

LSSo MACRO A~BTCLEICLD LESS THAN,. 
NOCRS 
PRSTAT FLAGO(IF,A,LESS,THAN,B) PRINT REUARK, 
REL AAC.CASICLE.CLE. A m 8  C REAfE LOAD AND COUPARE TRIPLET. 
DEFOP REeCLE,CLD BUILD LABELS AND REUDTE ELSE INTO OP- 
FNDH S. 

NEQI UACRO A.B.C;LErCLD NOT EQUAL TOO. 
NOCRS 
PRSTAT FLAG~(IF,AINOT.EQUAL~TO.B) PRINf REHARK, 
REL LAC,LASt*+Z,CLE,A,B CREATE LOAD AND COMPARE TRIPLET9 

ENOM NEQ. 
DEFOP. RE . C u m  CLO BUILD L A6ELS AND RE MOTE ELSE I N T  0 OP. 



e -  
. . . 1 ., ,,_ -.~ , ., . , -- -,.--....- 

a - *E d 
--.. . 

& 

I REL HACRO REG~CO~P~CGTRICEQIA,~  
lQ4a P F G A  n w r F  
COMP 8 SET UP CONPARtSONp 
TU I r r -  
TRA LEO I F  EQUAL9 GO TO EQUAL LABEL- 
F_buuI BFt Mf  

n 

T@U T y b l -  - 
PMC ON PRINT REMARK- 
RFM TWFN 
PMC OFF 

ENOH THEN 
rn 
TORE OPSYN NULL THEN FOR REMOTE ELSE-, ( =  NULL) 

TORT MACRO CLT9CI.O THEN FOR REMOTE THEN,, 

CCT EOU * DEFINE TRUE LABEL- 

A F C D N D U I Q M A )  FD.8 RFnDrF F I S F - -  

-~ - - 
I 

ISFN RF)IDTF  WON COUNrER, 

F W  T - R T  

9 

I F T  0 0 €4 IF THERE MAS NO 'ELSE' 

IFF -E10 I F  THERE WAS AN 'ELSE' 
_ _  f 3  F FQU r,i n NF F1-C - r n  

TP A CI n FR niit nF TWF R F ~ F -  
IFF 0EsQ 
IWP THF RF- 

CLO EQU DEFINE END OF CONDO LABEL, 

TF T H F L  

CLD EQU DEFINE END OF CONDO LABEL- 
- I  

11.. FND DF tnmrTfDNALI- 
PUC ON PRINT REMARK, 4 
R F M  - - - e  

PUC OFF 

ENDU 0 . 0  



W R  I NT HACROS PRI V T  

THESE UAC ROS ARE USED TO BUIUD UP AND PRINT L I N E  
* 

IHAGES IN THE AUTOMATIC GENERATfORS OF COMMENTSo 

THE H A I N  *ENTRIESo ARE 

PRAOD APPEND PHRASE TO' L I N E  
PREADD APPEND EXACl  PHRASE T 0 L I N E  

0 PRLINE (ANY PUNCTUATION) PRINT L I N E  
PRSFO (PtfaASE SFaUfNCEl APPFND SEQUFNCF OF P U E S  
PRSTAT fYPE(MESA6E)PUNCT PRINT HESAGE AS TYPE YITH PUNCl 
PRSET TYPE SET L I N E  1YPE 

WHERE 0 TYPE 0 STANDS FO R € I T  HER 'HEAD, 0 FLAG, 
OR 'SENT,', 

THE OTHER INTERNALLY USED PARTS ARE 

PR1, ACTUAL HEADER PRINT 
PR20 ACTUAL FLAGGEDPRINT 
PR3o ACTUAL SENTENCE P R I N l  

PR5o PRINT CURRENT L I N E  
PR60 STRIP PARENS FOR ACTUAL PRfNT 
PRI, NORUAL APPEND PARTNER 

P R l l o  SET HEADER PRINTING 

PR13, SET SENlENCE PRINTING 

PR4, PRINT DUMMY 

PRB- APPEND PARTNER 

P R l Z I  SETFLAGGED PRINT I NG 

- PR1, UACRO A*$*CID.EIFIG*H ACTUAL HEADER PRINT,, 
QUC ON 

PMC OFF 
M I @ A #  ' 6 8  OC' 8D' * E *  O F O @ G #  

ENDM PR1, 

PU. -__ - - MACRO A.6.CmD.E. F I G I H  AC TUAL FIAGGED PRINT. 
PMC ON 
REH O A O  *BO # C #  O F 0  # F O O G '  
QMC OFF 
PR13o RES€ T PRINT OUT F OR NORMAL L I  NES, 
ENOH PRZo 

--___ -I_ 

PR3. MACRO A ~ B ~ C ~ D ~ E I F I G  ACTUAL SENTENCE PR1NT.o 
PHC ON 
REM * A 0  0 6 0  O C O  OD@ @ E O O F @  

---- PMC OFF _- 
ENOH PR30 

_- - 
fR40 OPSYN PR2o ACTUAL PRINT DUMMY,, 

(SWITCHED BY PRSET) 



I) PW 

vm2 - I Y & -  

PR8. OPSYN PR6, CHANGE APPEND PARTNER T O  MEAN 
a CT- NT 

paur_r,CFt A - 1 

P-U 

- 

PREIDD AND INVOKLe I f 0  

PR8- OPSYN PRT. RESET APPEND PARTNER* 

ENOM PR5. 

PRbo MACRO TEXT STRIP PARENS FOR ACTUAL P R I N f o o  
PP +e TFXT P A m F n  I ' m  
ENOM P R 6 o  ACTUAL PRINT DUMMY. 

PR7o MACRO TEXT NORMAL APPEND PAR1NER.e 

= 

a 

T Y T  RFnFFlNF ADPFNn F Y A l l T  YDUU) 

PR80 { TEXT, HORTXT) TO INVOKE PARTNER WfTH TEXT B U I L l  IN. 
I -  - 

PRWCTo SET PRWCT 6 +1 UP WORD COUFlf. 
I -  ~ I f T P m -  M, I F  V T  P U.(lRD I I M I f  

PR5o THEN PRINT CURRENT LINE, 
F N n M  v a t -  

* 
pm, A P W  PJ 

Pur_- t F 1  G-- 
* 

PR40 OPSYN PR1o MAKE-ACT- PRINf--ACT- HEAD- PRINT-* 
O g y ( U -  C F T  I. - C. =- YnRn I ICIIT- 

* ENOM PRII. 

PR12o MACRO SET FOR FLAGGED PRINT., 

PRWLNo SET 4 6 WORD l.11311- 
YN , P m -  MAXF A W l l A l  PRINT = F m  P W T .  

F W  P R 1 7 -  

P R l 1 ,  t F T  FOR S F N f f N t F  LfNF,S 

D U E T  5 5 P blQBD L W T .  _ _  __ 
PR+o OPSYN PR3o MAKE-ACT, PRINT--ACT-SENtENCE PRINT-? 

ENDM PR13o 
I )  

PR14. MACRO OP 
np 
ENOM P R l 4 o  

- 
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PRI  N-1 

PRADD MACRO TFXT ADD PHRASE TO L I N E - -  
I F T  DEFIND=TEXT@. IF TEXT I S  DEFINED 
PR14. TFXT' . THFN FXP4NO I T  
I f F  DEFIND=TEXT'o ELSE 
PREADD (TEXT)  ADD I T  DIRECTLY TO L I N E -  
ENDH PRADD 

PREADD OPSYN PR80 APPEND EXACT PHRASE TO LINE-, 

PRLINE MACRO PUNCT PRINT LINE.. 
PRWLM, SET PRWLM, + 1 UP WORD LIMIT FOR PUNCTUATION. 

PRYLU- SE T PRWLMo-1 RESTORE WORD L I M I T .  
PREADD ( (PUNCT))  ADD ANY PUNCTUATXONt 

PR5- PRINT CURRENT LINE IMAGE. 

PRSET MACRO TYPE SET L I N E  TYPE-- 
I F T  T Y P EXHE AD- (DECODES -TYPE- AND I 
PRlL. CALLS APPROPRIATE INIT IALIZERI )  
IFT TYPESFLAG- I 
PR17- I 
1FT TYPE=SENTo 

- PR13- 
ENDH PRSET 

PRSEQ UACRO COMENT APPENT PHRASE SEQUENCE-. 
1 RP COMENT I 
PRADD (COMENT) APPEND PHRASf TO LIME-  

ENOii rnacw I mc. ccn  
f R P  

I_____ 

PRSTAT MACRO TYPEtMESACE,PUNCT 
QRSEt TYPE 
PRSEQ (MESAGE) 

ENDM PRSTAT 

I 

- PRLINE (PUNCT) 
~ 



e b 

a < 

GOT0 MACRO LABEL 
- 

I 

TW 
PRSET SENT, 
o w  cn 
PREAOO TO 
D m  1-1 

PRLINE ( 9 )  
c m  n 

FI M A f g f l  N-UT 

Pnc ON 
NAMF FQLl 

PMC OFF 
w F 8 -  S T  nm Nn AS nFF-- 

NAME'. MACRO DEFINE ASSOCIATED EXPANSION HACRO,. 
DRCFCi I C W F N T I  PRTNT niir P ~ C  r M  w, 
ENDU NAME ' 
P w -  C F T  PR-T H F A U -  
NAME' , PUT COMMENT PHRASES I N  L I N E  IMAGE, 
v u  f a e l  p-IINFFnllnYFn RY 
ENOM LABEL 

I) 

USES MACRO SR(AC1ST)COMENT ~ 1 F F w  I F  S-NF M A U n r  n F u  
USESlo SRfACIST)(COMENf) THEN DEFINE I T  
FNOM U P S  

si- M m n  KR -UT 
SR'. SET OEFSNO NOTE THAT SR IS DEFINED- 
fR M m n  T NF U F  

USESZ, SR(ARGLST1 (ERRTI TO INVOKE STaNDARD CALL. 
M ZR 

SR'. MACRO ALIST,DUUYL.DUMYZ DEFINE AUGUHENTED NAME 
D R  $ u r > M F N T  1 Tn ADPFNn A l l  r m M F N f  m C ,  

I 

ENOH SR' 
M U $ F S l ,  

e 
1-7- T 

CALL SRtARGLSTIERRT PRODUCE DESIRED STD- CALL, 
P R C F T  SFW- R F d n Y  PRTNT MA- FnR ZFNfFWF- 
SR'r ARGLST, ERR1 PUT COMMENT WORDS I N  L I N E  IMAGE, 
P R I  INF 1.1 PRlNT l I U T H  m- 
ENOH USESZ, 
- * 

VAR MACRO NAHEICOMENT 
IISFN STnR 

USFP 
NAME 

NAME'- SET OEFIND 
NAWFI, nAf.R13 

PRSEQ (COMENT) 
FNnH N 4 w ' -  
ENDH VAR 

- ---- __ -___l_- 



0 9 / 0 4 / 6 4  

e 

DEFSYH MACRO L I S T  
I RP L I S T  

L I S T  SET DEFO 
DEFo SET DEf o i l  

I RP 
ENOM DEFSYM 

37200 DFFo SFT 16000 

DEFSYM (AAC.DEF1ND.LACI 
OEFSYM (HEAD.,FLAG~,SENT~)' 

e 

00001 I SET 1 
e 

l 00000 10000 APPND 
00000 10000 GNC 
00000 10000 GNBC 
00000 10000 HEAD 
00000 10000 NONSPC 
00000 10000 SAVID 

NOCRS 

. .- 
I 



A @ w C  e i n  -- 

I I= 

USES GNCO(GET,NCI 
1 I i R  1 

USES S A V I D O I S A V E ~ I D E N T I F I E R ~ S T A T U S )  
- 

WITH VARIABLE DECLARATIONS OF THE FORU 

VAR NC(NEXT~CHARACTER) 
U~ D f  f-TGR 1 

P-Y l'w RF Y R W  
I N  ABBREVIATED FORM, AS BELOW* I N  THE SOURCE DECK, 

L LABEL ANAHE(APOSTROPHE-ENCLOSEDINAnE) 
I) r u  

I F  NC,NEQ(=HOO~OO* 1 
. _ _  - 
GOTO ANAME 
FI SF ._ 

APQND NC 

GOTO NONSPC 
rn 

I -I R I  N K F ( B L 1  
APPNO PC 

e I AC UF- t 

GNBC 

I 
__ TRA 0.1 TR-Al __ 

I -- 

- I ' -  

I- - 



THIS WILL BE EXPANOEO IN-THE LISTING AS IS S HOUN HERE. 

I _ _ _  

LABEL 
00006 A N A M  FQU 

ANAME 4 APOSTROPHE-ENCLOSEbt NAME 1 

I APOSTROPHE-ENCLOSED NAME 0 0  

GNC 
GET NEXT CHARACTER 

IF . N C ~ N E Q ( ~ H 0 0 0 0 0 ' )  
IF NEXT CHARACTER NOT EQUAL TO 

THEN 

GOT0 ANAWF 
* THEN 

GO TO APOSTROPHE-ENCLOSED NAME 9 
t- 

SF 
ELSE 

APPNO NC 
APPEND NEXT CHARACTER TO I D  
STRING 

GET NFXT CHqBPCTFR * 
I - -  GNC 

GOT0 NONSPC 
- -  GO TO NONSPC 

* * *  

LABEL BLNKk(BLANKtFOUN0) --  _-  -0DQAf NRF EQU 

- _- APPNO PC 
BLANK FOUN!! * e  

APPEND PEEK CHARACTER TO I D  
STRING 

00003 10001 L A C  HEAD9 I SET POINTER TO HEAD OF TREES 

GET NON BLANK CHARACTER 9 

OOOOP__. ~ D D O O ! Q . I  I TRACE SPECIAL WORD TREE, . 


